Objective: To determine, whether 3-months of neck-specific exercises could benefit individuals with chronic whiplash-associated disorders (WAD) who were on a waiting list for treatment.
Introduction
Whiplash-associated disorder (WAD) are common, with an annual incidence of up to 600 per 100 000 individuals [1, 2] . WAD is caused by an indirect trauma to the neck, often due to a motor vehicle accident. Among individual with a chronic (duration >6 months) WAD, about 50% experience continuous symptoms interfering with their daily life [3, 4] . In addition, individuals with WAD commonly report a reduced extent of one's belief in one's own ability to complete tasks and reduced health-related quality of life [1] . A WAD diagnosis is based on the medical history and a physical examination [5] . To date, there is no consensus regarding the multi-factorial mechanisms underlying prolonged WAD symptoms. However, individuals with more severe or chronic problems exhibit certain morphological changes, with fatty infiltration in the multifidus muscle [6] ; altered neck muscle behavior [7, 8] ; and decreased muscle function [9] compared to healthy individuals. It is therefore reasonable to assume that a treatment targeting neck muscles may improve symptoms and quality of life in individuals with WAD.
There is no consensus on the best treatment for chronic WAD [10, 11] , but recommendations include to remain active and perform some kind of exercises [1, 11, 12] . Randomized trials that investigated exercise in chronic WAD has reported conflicting results. Four large randomized controlled trials were identified in the literature [13] [14] [15] [16] . Stewart et al. [13] compared a 6-week general exercise and cognitive behavioral program to professional advice of encouragement to resume light activity alone. They found a short-term improvement immediately after treatment in the group with combined exercise and behavioral training.
Vikne et al. [14] compared neck exercise in a ceiling-mounted sling with general exercise.
The aim of the neck exercise was to improve neuromuscular function and neck muscle strength and endurance. In both randomization groups, additional pragmatic passive treatment Effects of neck specific exercises in whiplash 4 modalities were allowed. Both randomization groups were further divided into two groups, those with or without an additional home training program. Some improvements over time, but no group differences were reported [14] . Michaleff et al. [15] reported no advantage of a general exercise program, including neck-specific exercises (NSE) aiming to improve deep neck muscle function, compared to advice alone. Finally Ludvigsson et al. [16, 17] compared three modalities: (1) graded NSE alone, aiming to improve both deep neck muscle function, control and general neck muscle endurance, (2) NSE combined with a behavioral program, and (3) a prescription of general physical activity. After 3 and 6 months, improvements were reported in the two groups that performed NSE when compared to the group that received only a prescription for physical activity. More understanding of the role of NSE as a treatment for WAD is still needed [13, 16] to improve rehabilitation potential in patients with more severe problems (WAD grade 3).
Many countries have prolonged waiting times for persons needing rehabilitation for chronic WAD. A limitation of previous studies is that they did not compare the effects of treatment to no treatment at all. As WAD patients may show changes in condition over time without intervention, comparison of some exercise interventions to no treatment might be useful in guiding rehabilitation protocols. Except for a small study by Humphreys & Ingens [18] , no study has investigated individuals with chronic WAD who either performed exercise or remained at waiting list without any intervention. Humphreys & Ingens [18] investigated the effect of proprioceptive training with eye-head-neck exercises in a sample of 28 patients with chronic (>3 months) neck pain, where 61% had previously had a whiplash injury. The results of the NSE protocol used in the RCT by Ludvigsson et al. [16, 17] seem promising, but need to be confirmed compared with a no-intervention control group.
The aim of the present study was to investigate individuals with chronic WAD, grades 2 and 3, over 3 months of either performing NSE [16, 17] or remaining on the waiting list without Effects of neck specific exercises in whiplash 5 exercising. Outcome measures included pain, self-reported neck-related and overall function, self-efficacy, and health-related quality of life.
Methods

Design
This is a prospective, randomized controlled study (ClinicalTrials.gov Identifier: NCT01547624) of participants with chronic WAD. Patients were randomized into two groups: A) assigned NSE for 3 months or B) continued on the waiting list with no intervention (WL) for 3 months (Figure 1) . Patients who had sought care for WAD in the preceding 3 years were asked to notify the researchers of their interest in participating in the study. Individuals that fulfilled the study criteria participated (60 out of 61) after providing written and informed consent (Figure 1 ). Questionnaires were conducted before randomization and at the 3-month follow-up. The investigators of the study were blinded to the group designation until the follow-up was complete. Because of the nature of the study, participants and treating physiotherapists could not be blinded to group allocation.
Procedure
The patients were consecutively randomized using a computerized list to either NSE or WL.
The randomization procedure was managed by a researcher that was otherwise not involved Effects of neck specific exercises in whiplash 6 in the study. Randomization continued for one year (March 2011 to February 2012). For participants randomized to the NSE group, the independent researcher placed the name, address, and telephone number of the participant in a sealed, opaque envelope for distribution to the treating physiotherapist. NSE group participants conducted the exercises at a physiotherapy clinic in primary care/ private practice located near the participant´s home.
Participants
For inclusion into the study, individuals had to be age 18-63 years with chronic symptoms (6 to 36 months) following a whiplash injury classified as WAD grade 2 or 3 [5, 16] with a history of at least one WAD-related health care visit. They also had to record a Neck Disability Index (NDI) score [19] >20/100%, and/or record an average pain intensity on a Visual Analogue Scale (VAS) of >20/100 mm [20] for the preceding week. (Table 1) .
Participants were excluded from the study when they had a more dominant pain elsewhere in the body or reported unconsciousness in connection to the whiplash injury. They were also excluded if they had a health history that contraindicated exercise or could be potentially detrimental to completing the study intervention, or had insufficient competence in Swedish (Table 1) .
The participants in the study included 60 individuals (42 women and 18 men) with a mean age of 37 (SD 10.7, range 18-62) years. The mean time since the whiplash accident was 22 (SD=11.0) months. Injuries were classified as WAD grade 2 (n=39, 65%) or 3 (n=21, 35%) [5, 16] ). Then, patients were consecutively randomized to either the NSE group (n=31) or the WL group (n=29) for 3 months. The groups at baseline showed no significant difference (p=0.41 to 0.78) for age, gender distribution, WAD level, or duration of WAD (Table 2) 
Ethics statement
This study was approved by the Regional Ethics Review Board, Linköping, Sweden, Dnr 2010/188-31.
Intervention
The physiotherapists, were provided with standardized information about the intervention.
The information was provided orally, in writing, and in a practical, one half day class, conducted by the project leaders. The project leaders were available to answer questions from the physiotherapists during the entire period of study.
At the first visit with the treating physiotherapist, NSE participants were once again examined, and they received instruction with a musculoskeletal model to explain their symptoms, the aimed effect of NSE, motivate and encourage them to exercise. The NSE group performed supervised NSE twice a week at the physiotherapy clinic. Initially, the focus was on activity of the deep neck muscles and motor control training, with guidance from the physiotherapist [16, 17] (Appendix 1). Gradually, head resistance exercises were introduced in the gym using pulley weights or a guild board [16, 17, 21, 22] Participants in the WL received no intervention for 3 months during the study. However, after the study period, they could receive physiotherapy that included NSE, but they were not followed for the present study.
Outcomes
Neck-specific disability
Neck-specific disability was measured with the Neck Disability Index (NDI) [19] . The NDI has shown good reliability and validity in WAD studies [25] . NDI scores for neck disability can range from 0% (no limitation on activity) to 100% (worst possible disability) [19] .
Neck pain
Neck pain intensity (current pain) was measured with a 100 mm Visual Analog Scale (VAS).
Scores can range from 0 (no pain) to 100 (worst imaginable pain). The VAS have shown good reliability and validity in WAD patients and patients with neck pain [20].
Self-efficacy
The participants' confidence in their ability to perform activities despite pain was evaluated with the Self-Efficacy Scale (SES) [26, 27] . The SES is comprised of 20 different physical and psychosocial activity items. Scores can range from 0 (not confident at all) to 10 (very confident). Each score was summarized to a total score that ranged from 0-200. The SES is considered a reliable instrument for evaluating WAD populations [28, 29] .
General pain-related disability
The Pain Disability Index (PDI) [30] measures the impact that pain has on the ability of a person to participate in essential life activities and has been shown to be reliably measure. Activities are scored on a numeric scale that ranged from 0 (no disability) to 10 (worst disability). The maximum score is 70.
Health-related quality of life
Health-related quality of life was assessed with the EuroQol five-dimension selfclassification questionnaire (EQ-5D) [31] and has shown to be a reliable measure [32] . The results from each of the 5 dimension are combined and converted to a score (EQ5D), which can range from -0.594 to 1; higher scores indicate better quality of life [31] .
Statistical analysis
Data were analyzed according to an intention to treat design using non-parametric statistics due to small sample size and non-normal data distribution. The Mann-Whitney U-test was used to assess between-group differences, and the Wilcoxon signed rank test was used to assess within-group differences over time. Descriptive data of outcome measures are presented as medians and interquartile range or as the median change in a score over time and interquartile range. P-values <0.05 were regarded as significant. Clinical relevant differences between groups were set at effect size 0.40 [33, 34] . Effect size 0.5 was considered as moderate and 0.8 as large [33, 34] . Because of a lack of previous studies, a sample size 
Results
The between-group results demonstrated that the NSE group had improved significantly more than the WL group regarding the NDI (p=0.009), SES (p<0.001) and the EQ5D (p<0.01), but not in neck pain (p=0.14) and PDI (0.29) (Table 3) . Clinical relevant differences were reached for NDI, neck pain and SES (ES > 0.40), with large effect sizes for NDI (ES 0.88) and SES (ES 1.26).
In measuring the within-group changes over time, all outcome measures significantly improved in the NSE group (p<0.0001). In the WL group, all outcome measures had significantly worsened over the 3-month period (p=0.002 to 0.0002), except for PDI, which had improved (p=0.0002).
Discussion
The present study showed the importance of NSE, with clear trends of measures. The NSE group showed significant improvements in NDI, SES, and EQ-5D compared to the WL 1 1 group, with strong clinical relevant group differences in NDI and SES. The other two outcome measures, neck pain and PDI, showed insignificant differences between groups which may be due to under-power (Table 3) . Nonetheless, the NSE group improved in all outcomes over time in contrast to the WL group, which generally worsened (Table 3) . The use of analgesics may have affected the results, however; even though there was no difference at baseline (p=0.78), fewer participants reported taking analgesics in the NSE group at 3 months (p<0.05).
The population in the present study consisted of individuals with chronic WAD. These patients are often a lower priority group in the health care system, and moreover, at WAD 
Previous research
The results are consistent with those from other studies on patients with chronic pain [16, 17, 24, 35] . The results are also consistent with the only available study comparing exercise (4-week) and WL in chronic neck pain [18] . The results from the present study demonstrate more between group changes than those reported in individuals with WAD by Vikne et al. [14] and Michaleff et al. [15] . This difference may be due to different inclusion criteria and that they [14, 15] compared interventions, which were believed to have some positive impact on the WAD condition; in contrast, the present study compared NSE treatment to no treatment. The results of the present study cannot be interpreted to suggest that NSE is the best exercise in WAD, but it does seem to have advantages over being on a WL. The findings 1 2 strengthen the results by Ludvigsson et al. [16, 17] , who reported that NSE was better than general physical activity and that adding a behavioral component to NSE had limited advantages over NSE alone.
Physiotherapists guided the patients through the exercises and informed them of neck muscle function, but they did not address any potential behavioral issues. Due to the individualized doses and progress and the interaction with the physiotherapist, the possibility that behavioral effects were involved in the mechanism of improved outcome can not be excluded. Selfefficacy which is an important factor in the treatment of individuals with WAD [36] improved in the NSE group. Although both physical and psychological impairments may be features of chronic WAD, our results indicated that NSE alone had potential benefits, even in chronic WAD, including grade 3. In contrast, it is noteworthy that the symptoms tended to worsen in the WL group.
Generalization and limitation of the study
The results of the present study can be generalized to individuals of working age with chronic WAD, grades 2 and 3.
One limitation of the present study was the short-term outcome. Although the participants did not seek health care for their neck problems during the time period immediately before inclusion into the study, they had demonstrated interest in the study. In our opinion, it may have been unethical to allow these patients to wait for a longer time period before receiving physiotherapy, with the aim of extending the study period. Nevertheless, a long-term followup may have improved the strength of our findings. In addition, we did not investigate the outcome measures in the WL group after leaving the waiting list. Another limitation was that we did not control for the attention from the physiotherapist in the NSE group. Thus, a 1 3 placebo effect could not be excluded; however, the participants had experienced longstanding neck problems, and all had previously been in touch with the health care system for their WAD. No serious adverse event was reported in any patient completing the study in the NSE group.
In the NSE group of those fulfilling the 3-month follow-up, five individuals showed less than 50% compliance in their physiotherapy visits (recorded by the physiotherapist). Data analyses which excludes those patients did not change the conclusions of the study.
Although this study was partly underpowered and had the other limitations described, a strength of the study is that it is the first prospective randomized investigation of an intervention in chronic WAD compared to being on a WL.
Conclusion
In conclusion, NSE showed many benefits over WL on individuals with chronic WAD on a waiting list for care. Thus, specific exercise may be an important intervention to help individuals with chronic WAD from worsening. Although the results are promising, they should be interpreted with caution, due to the low sample size and drop-outs. Randomized controlled studies with larger sample sizes are needed to investigate the role of NSE in the treatment of chronic WAD further, and also to compare NSE to other interventions as well as to no intervention. 
